Convenient Screening for Hemoglobin Variants by Using the Diamat HPLC System
ThomasDelahunty Hemolysatesfrom 102 differentpatientspreviouslyassessed for the presence of hemoglobinvariantsby celluloseacetate electrophoresiswere reanalyzed with the Diamat, a microprocessor-controlled step-gradient HPLC technique designed to determine glycohemoglobin (Hgb A10). This pool contained 81 abnormal specimens, each with one of seven different variant abnormalities.In all cases the HPLC technique correctly detected the presence or absence of a variant. The common S trait gave a large peak immediately after Hgb A, and the SS and SC variants gave clearly abnormal patterns,caused in part by the absence of Hgb A. The pattern from EE variants was distinguished by the appearance of the glycatedfractionHgb E1, which is eluted at 4.7 instead of 4.2 mm, whereas the AE pattern had two glycated peaks. Hemoglobins F, "fast", S, and C were discernedby the presenceof a major peak at 3, 5.2, 6.5, and 7.5 mm, respectively.The findingssuggestthat the Diamat is a convenienttool to detect and help diagnose variants in a screening pool. All specimens were also subjected to HPLC in the Diamat system (Bio-Rad, Hercules, CA 94547). This instrument is designed to automatically detect the relative abundance of glycated Hgb (% of total Hgb) in the blood of diabetics, with a throughput of seven samples per hour. After a simple dilution, samples are loaded in a refrigerated 48-well holder and analysis is initiated, with no further technologistintervention required. Sample components are separatedby step-gradient elution of phosphate buffers matched to a specific cation-exchangecolumn, and detectedby measuring the absorbanceofthe effluent at 415 and 690 nm. To achieve precise retention times (Re), one line-tunes the R1 of the Bio-Rad A10 standard by vernier adjustment. Data reduction and chromatogram production are controlled by a microprocessor.
Although the analysis routinely produces a chromatogram with a 10% scale(standard mode), for variant confirmation the scale can be converted to 100% by a simple program that extends the analysis time and allows the major peaks to be clearly delineated.
The R and relative areas of all peaks are always reported, regardless of the scale.
Results

Standard Scale (10%)
Figure IA depicts a typical HPLC chromatogram for glycatedhemoglobin obtained when healthy patients' blood (n = 21) was analyzed on the Diamat. Only minor peaks were eluted before the A1 peak (R = 4.2 mm); the major peak was that for nonglycated HgbA(A0, = 6.1 min). By When trait quantities of 11gbE were present (n = 19, mean = 31% oftotal Hgb), a shoulderduetoE,, wasclearly visible on the A,,, peak (R = 4.7, Figure IAE) . With Hgb EE specimens (n = 16), the A,,, peak was replaced by the E1,, peak (not shown).' Eight of the homozygousEE patients also had 11gb F present (peak at 3 mm). Four patients had 11gbF only (mean = 19% of total Hgb). Two 'Comprehensive panels illustrating the chromatograms obtained with all abnormal hemoglobins (omitted here for space considerations) can be obtained from the author. patients had a Hgb variant that migrated anodal to Hgb A (46%) and gave a doublet pattern with a peak at 5.2 mm (not shown).' Reduced Scale (100%) Figure 2 illustrates chromatograms obtained when the scale was altered to showonly the major Hgb peaks. Sickle cell trait gave two closely-associatedpeaks (Figure 248) , sickle cell disease (SE) gave a single peak at 6.5 miii, and 11gb-Ain the absenceof a variant gave a peak at 6.1 mm (not shown).' The separation of C (R = 7.5) from S and A can be clearly seen in Figures 2SC (ii = 2) and AC, respectively.
The R of Hgb EE (6.2 mm) was almost identical to that of 11gbA (6.1 miii, not shown).' Figure 2 also showsthe broad peak due to a "fast" 11gbtrait (5.2 miii). of 11gbE (E,,) . Homozygoteswith EE have exclusively E,, and an otherwise normal pattern, unless F is present. (11gbE and Hgb A co-migrate on the HPLC column, similar to their behavior on citrate agar electrophoresis.)Although the standard mode (10%) alone is sufficient for detecting E and F, identification of C dependsuponnoting a major peak at 7.5 miii, which requires the 100% scale and a longer elution time (Figure 2 Examination of the abnormal chromatogram and printout can suggestthe kind of variant present. For example, a doublet in the A0 region with integration at 6.1 and 6.5 miii suggests that the common heterozygous AS is present. HomozygousSS and the mixed variant SC gave markedly unusual chromatograms owing to the absence of A, but extending the time and scale of the analysis permitted the major peaks to be discerned. A relatively large peak due to Hgb F was frequently found with these rare variants.
The Diamat is particularly useful in detecting the E variant, which is commonamong SoutheastAsian subjects. The shoulderon the A,, peak at 4.7 miii is characteristicof
